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CARTILAGE-DERIVED MORPHOGENETIC PROTEINS 
Field of the Invention 

The present invention relates generally to the field of cartilage and bone development 
More specifically, the invention relates to cartilage-derived morphogeny proteins that stimulate 
development and repair of cartilage in vivo. 

Background nf th e Invention 
Bone morphogenetic proteins (BMPs) are members of the TGF-0 superfamily that can 
induce endochondral bone formation in adult animals. This superfamily includes a large group of 
structurally related signaling proteins that are secreted as dimers and then cleaved to result in 
biologically active carboxy terminal domains of the proteins. These bioaciive proteins are 
characterized by 7 highly conserved cysteine residues. Interestingly, these proteins have different 
roles at various stages of embryogenesis and in adult animals. Recombinant BMPs are now 
available and have been shown to induce endochondral bone formation when assayed in vivo. 

Indeed, the initial discovery of the BMPs was facilitated by such in vivo assays for 
cartilage and bone development. These assays were based on the observation that bone 
development could be initiated by subcutaneous or intramuscular implantation of compositions 
comprising an extract of demineralized bone and residual bone powder. The novel proteins 
identified in the extracts were termed "bone morphogenetic proteins." These proteins were 
subsequently classified as members of the TGF-P superfamily by virtue of amino acid sequence 
relatedness. Screening of genomic and cDNA libraries led to the isolation of polynucleotides 
encoding BMP-2, -3, -4, -5, -6 and -7. 

One deficiency of the bone induction assay regards its inability to distinguish the 
physiological roles of different BMP family members. The cartilage and bone inducing activity 
of the BMPs is remarkable because the normal stages of endochondral bone formation that occur 
during ontogeny are recapitulated in the adult animal. These stages include mesenchymal 
condensation, cartilage and bone and bone marrow formation and eventual mineralization to 
produce mature bone. 

Several observations suggest that BMPs have wide-ranging extraskeletal roles in 
development. First, localization studies in both- human and mouse tissues have demonstrated high 
levels of mRNA expression and protein synthesis for various BMPs in kidney (BMPs -3, -4, -7), 
lung (BMPs -3, -4, -5, -6), small intestine (BMPs -3, -4, -7), heart (BMPs -2, -4, -6, -7), limb bud 
(BMPs -2, -4, -5, -7) and teeth (BMPs -3, -4, -7). Second, several members of the family, 
including BMP-4 and -7, are key molecules in epithelial-mesenchymal interactions, for instance 
during dontogenesis. Third, BMP-2 and BMP-4 are involved in the signaling pathway that 
controls patterning in the developing chick /imb and BMP-4 is a ventralizing factor in early 
Xenopus development. Fourth. Drosophila homologs of the BMPs, the decapentaplegic (dpp) and 
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A forth aspect of the present invention is a recombinant protein having chondrogenic 



activity in vivo but substantially no osteogenic activity in vivo. This protein can have the amino 
acid sequence of SEQ ID NO: 1 3 or SEQ ID NO: 14. 

A fith aspect of the present invention is a method of stimulating cartilage formation in a 
mammal. This method includes the steps: supplying cartilage-derived morphogenetic proteins 
having in vivo chondrogenic activity; mixing the partially purified proteins with a matrix to 
produce a product that facilitates administration of thet partially purified proteins and implanting 
this mixture into the body of mammal to stimulate cartilage formation at the site of implantation. 
The partially purified cartilage-derived morphogenetic proteins can be obtained from either 
articular cartilage or epiphyseal cartilage. The matrix can also include non-cellular material. 
Viable chondroblast or chondrocytes can also be included in the mixture prior to implantation. The 
mixture can be implanted either subcutaneously or intramuscularly. 

A sixth aspect of the present invention is a composition that can be administered to a 
mammal for the purpose of stimulating chondrogenic activity at the site of administration without 
substantially stimulating osteogenic activity. This composition comprises at least one cartilage- 
derived morphogenetic protein and a matrix. The cartilage-derived morphogenetic protein can be 
derived from an extract of either articular cartilage or epiphyseal cartilage. In another 
embodiment, the cartilage-derived morphogenetic protein is a recombinant protein. This 
recombinant protein can have the amino acid sequence of either SEQ ID NO: 13 or SEQ ID NO: 14. 
The matrix used to create the composition can be either fibrin glue, freeze-dried cartilage, 
collagens or the guan id inium -insoluble collagenous residue of demineralized bone. Alternatively 
the matrix can be a non-resorbable matrix such as tetracalcium phosphate or hydroxyapatite. 



Figure 1 presents the nucleotide and predicted amino acid sequence encoded by the full 
length human CDMP-1 cDNA. 

Figure 2 presents the nucleotide and predicted amino acid sequence encoded by the bovine 



Figure 3 presents the genetic maps of chromosome 2 showing the localization of CDMP-1 . 
The map on the right is based on the data from two separate crosses. 

Figure 4 shows an alignment of segments from predicted CDMP amino acid sequences in 
standard one letter code. 



We discovered that partially purified extracts of newborn calf articular cartilage contained 
an activity that induced cartilage formation when implanted subcutaneously in rats. This biological 



activity was reminiscent of that which characterized the BMPs. Degenerate oligonucleotide primer 
sets derived from the highly conserved carboxy- terminal region of the BMP family were employed 



Brief Description of the Figures 



CDMP-2. 



Detailed Description of the Invention 
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in reverse transcription-polymerase chain reactions (RT-PCR) using poly(A)* RNA from articular 
cartilage as a template. These procedures allowed us to determine which BMPs were expressed 
in chondrocytes. 

Two novel members of the TGF-p superfamily were identified and designated Cartilage- 
Derived Morphogenetic Protein- 1 (CDMP-1), and -2 (CDMP-2). The C-terminal TGF-0 domains 
of these proteins were 82% identical, thus defining a novel subfamily most closely related to 
BMP-5, BMP-6 and osteogenic protein-1. Northern analyses showed that postnatal Iy both genes 
were predominantly expressed in cartilaginous tissues. In situ hybridization and immunostaining 
of sections from human embryos showed that CDMP-1 was predominantly found at the stage of 
precartilaginous mesenchymal condensation and throughout the cartilaginous cores of the 
developing long bones. CDMP-2 expression was restricted to the hypertrophic chondrocytes of 
ossifying long bone centers. Neither gene was detectable in the axial skeleton during human 
embryonic development. The cartilage-specific localization pattern of these novel TGF-f$ 
superfamily members, which contrasts with the more ubiquitous presence of other BMP family 
members, suggested a role for these proteins in chondrocyte differentiation and growth of long 
bones. 

The discovery of a novel subfamily of cartilage derived morphogenetic proteins suggested 
the existence of morphogens that primarily functioned in the induction and maintenance (i.e., 
balancing cartilage and bone formation at articular surfaces) of cartilaginous and bony tissues. 
This subfamily may also include key molecules that govern bone marrow differentiation. 

The cartilage-derived morphogenetic proteins contained in the cartilage extract of the 
present invention, and the recombinant CDMP-1 and CDMP-2 proteins described herein are 
contemplated for use in the therapeutic induction and maintenance of cartilage. For example, local 
injection of CDMPs as soluble agents is contemplated for the treatment of subglottic stenosis, 
tracheomalacia, chondromalacia patellae and osteoarthritic disease. Other contemplated utilities 
include healing of joint surface lesions (e.g. temporomandibular joint lesions or lesions induced 
posttraumatically or by osteochondritis) using biological delivery systems such as fibrin glue, 
freeze-dried cartilage grafts, and collagens mixed with CDMPs and locally applied to fill the 
lesion. Such mixtures can also be enriched with viable cartilage progenitor cells, chondroblasts 
or chondrocytes. We also contemplate repair or reconstruction of cartilaginous tissues using 
resorbable or non-resorbable matrices (tetracalcium phosphate, hydroxyapatite) or biodegradable 
polymers (PLG, polylactic acid/polyglycolic acid) coated or mixed with CDMPs. Such 
compositions may be used in maxilofacial and orthopedic reconstructive surgery. Finally, the 
CDMPs disclosed herein have utility as growth factors for cells of the chondrocyte lineage in vitro. 
Cells expanded ex vivo can be implanted into an individual at a site where chondrogenesis is j 
desired. 
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We also anticipate the polynucleotides disclosed herein will also have utility as diagnostic 
reagents for detecting genetic abnormalities associated genes encoding CDMPs. Diagnostic testing 
could be performed prenatal ly using material obtained during amniocentesis. Any of several 
genetic screening procedures could be adapted for use with probes enabled by the present 
5 invention. These procedures include restriction fragment length polymorphism (RFLP), ligase 
chain reaction (LCR) or polymerase chain reaction (PCR). 

We began our investigations by considering whether there were differences between the 
chondrogenic/osteogenic differentiation factors that characterized calcifying (epiphyseal, scapular 
cartilage) and non-calcifying (articular, nasal septum) cartilage tissues. It had been previously 

10 established that tail tendon, achilles tendon, cartilage and skin matrices were devoid of 
chondrogenic/osteogenic activity (originally described as "transforming potency") as measured in 
an in vivo subcutaneous implantation model in rats (Reddi A.H., 1976, "Collagen and Cell 
differentiation" in Biochemistry of Collagen, eds. Ramachandran G.N. and Reddi, A.H., pp449-478, 
Plenum Press, New York and London.). 

15 We confirmed the absence of chondrogenic or osteogenic activity in crude 4 M guanidine 

HC1 (GdnHCl) extracts of cartilage matrices, but unexpectedly discovered in vivo chondrogenic 
activity in the 0.15 M NaCl eluate of the cartilage extracts after ion exchange chromatography. 
The development of a unique extraction procedure (1.2 M GdnHCl and 0.5% CHAPs) followed 
by a heparin Sepharose affinity chromatography step confirmed the presence of in vivo 

20 chondrogenic activity in cartilaginous tissues. This was especially true in bovine articular and 
epiphyseal cartilage. When the bioactive heparin Sepharose eluates (1M NaCl eluate) were further 
purified using previously established procedures, molecular sieve chromatography and Con A 
affinity chromatography steps followed by SDS polyacrylamide gel electrophoresis and gel elution, 
chondrogenic activity was established. Implantation of 0.5 to 1 ug gel eluted material resulted in 

25 in vivo chondrogenesis. Surprisingly, and in contrast to the bone matrix purified activity, none of 
the peptide sequences that were found in tryptic digests of the highly purified cartilage extracts 
corresponded to any of the known BMPs. However, the biological activity present in the extracts 
was reminiscent of BMP-like activity by virtue of its loss of activity upon reduction and alkylation, 
its affinity for heparin Sepharose and Con A. 

30 Although other materials and methods similar or equivalent to those described herein can 

be used in the practice or testing of the present invention, the preferred methods and materials are 
now described. General references for methods that can be used to perform the various nucleic 
acid manipulations and procedures described herein can be found in Molecular Cloning: A 
Laboratory Manual (Sambrook et al. eds. Cold Spring Harbor Lab Publ. 19^9) and Current 

35 Protocols in Molecular Biology (Ausubel et al. eds., Greene Publishing Associates and Wiley- 
Interscience 1987). The disclosures contained in these references are hereby incorporated by 
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reference. A description of the experiments and results that led to the creation of the present 
invention follows. 

We initially discovered that an extract of cartilage possessed a unique chondrogenic 
activity. In particular, we discovered that newborn articular cartilage contained chondrogenic 
acuities when assayed in the in vivo subcutaneous implantation model. Using a procedure 
adapted from that used for the isolation of BMPs from demoralized bone matrix, we partially 
purified this activity and thereby provided evidence for the presence of BMP-like molecules in 
cartilage. 

Example 1 describes the biochemical methods used to characterize a chondrogenic activity 
present in bovine cartilage. 

Example 1 

Characteriratinn of Cartilage Derived 
Chondrogenic Activity 
Articular (metatarsophalangeal joints), scapular and nasal cartilage (300 grams wet weight 
per tissue) were prepared from newborn calves. Epiphyseal cartilage was dissected from fetal 
bovine femurs (7-8 months). The tissues were finely minced and homogenized with a Polytron 
(top speed, 2 x 30 seconds) in 20 volumes of 1.2 M GdnHCl.0.5% CHAPS, 50 mM Tris-HCl pH 
7.2, containing protease inhibitors and extracted overnight at 4°C as described by Luyten et al., 
in J. Biol. Chem. 264:13377 (1989), which is hereby incorporated by reference. The disclosure 
of this article is hereby incorporated by reference. Sorgente et al., (Biochem Biophys. Acta. 
282:441 (1972)) disclosed these procedures extract >90% of the lower molecular weight matrix 
while leaving most of the high molecular weight proteoglycans behind. The extracts were 
concentrated and exchanged with 6 M urea by diafiltration using an Ultraserte™ (Filtron 
Technology Inc., MA) and loaded on a 0.5L heparin Sepharose (Pharmacia/LKB, NJ) column. 
Thereafter, the column was washed with 5 bed volumes of 6 M urea, Tris HC1 pH 7.4 with 0.15 
M NaCI, and then eluted with 2 vol 1 M NaCl in the same buffer. Chondrogenic activity was 
assayed by reconstituting a portion of the eluate with 25 mg of guanidine-insoluble collagenous 
residue of demineralized rat bone matrix according to procedures described by Luyten et al., in J. 
Biol. Chem. 264:13377 (1989). Implants were recovered after 10 days and alkaline phosphatase 
activity was measured as a biochemical indicator of cartilage and/or bone formation. The specific 
activity was expressed as units of alkaline phosphatase/mg of protein used for reconstitution in the 
bioassay. Implants were also examined histologically for evidence of cartilage formation using 
standard procedures known to those of ordinary skill in the art. 

Additional purification steps were also performed. The 1 M NaCl eluate of articular 
cartilage, which contained biological activity, was concentrated by diafiltration and loaded onto 
a Sephacryl S-200 HR gel filtration column (XK 50/100, Pharmacia/LKB, NJ). After molecular 
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sieve chromatography, the bioactive fractions were pooled and exchanged with SO mM Hepes, pH 
7.4, containing 0.15 M NaCl, 10 mM MgS0 4 , ImM CaCI 2 and 0.1% (w/v) CHAPS using 
Macrosep™ concentrators (Filtron Technology Inc., Northborough, MA). The equilibrated sample 
was mixed with 1 ml Con A Sepharose (Pharmacia-LKB) previously washed with 20 volumes of 
5 the same buffer according to the procedure described by Paralkar et al., in Biochem. Biophys. Res. 
Comm. 131:37 (1989). After overnight incubation on an orbital shaker at 4°C, the slurry was 
packed into a disposable 0.7 cm ID Bio-Rad column and washed with 20 volumes of the Hepes 
buffer to remove unbound proteins. Bound proteins were eluted with 20 volumes of the same 
buffer containing 500 mM methyl-D-mannopyronaside. The eluate was concentrated to 200 jil 

10 using Macrosep" 1 concentrators. Macromolecules were then precipitated overnight with 9 volumes 
of absolute ethanol at 4°C. The precipitate was redissolved in 1 ml 6 M urea, Tris HC1 pH 7.4. 
The bioactive bound protein was then mixed with 2 X Laemmli sample buffer (without reducing 
agents) and electrophoresed on a 12% preparative SDS/polyacrylamide gel. Gel elution of the 
separated protein fractions and testing for biological activity was performed as described by Luyten 

15 et al., in J. Biol. Chem. 264:13377 (1989). We also observed that, after reduction with 
dithiothreitol and alkylation with iodoacetamide, substantially all of the cartilage-forming activity 
contained in the protein sample was lost. 

Results indicated that each of the crude extracts of the different cartilaginous tissues 
(articular, nasal, scapular or epiphyseal) were inactive when tested directly in the in vivo cartilage 

20 and bone inducing assay. This finding confirmed previously described results published by Reddi 
in "Collagen and Cell differentiation" in Biochemistry of Collagen (eds. Ramachandran G.N. and 
Reddi, A.H., pp449-478, Plenum Press, New York and London (1976)). However, after heparin 
affinity chromatography (Sampath et al., Proc. Natl. Acad. Sci. U.S.A. 84:7109 (1987)), 
chondrogenic activity was recovered in the 1 M NaCl eluate from articular cartilage extracts. An 

25 additional molecular sieve chromatography step (S200) was required to recover chondrogenic 
activity from epiphyseal cartilage extracts. Similar results were obtained upon ion exchange 
chromatography using DEAE Sephadex (0.15 M NaCl eluate). Significantly, no activity was 
detected in the extracts of the other cartilaginous tissues. 

The highest specific activity was obtained for material derived from articular cartilage (1 

30 U alkaline phosphatase/mg protein). This material was used for characterization of the bioactivity. 
Further purification of the active fraction by molecular sieve chromatography on Sephacryl S- 
200HR (specific activity 112 U/mg), and affinity chromatography on Concanavalin A (specific 
activity 480 U/mg), established the presence of cartilage and bone inducing activity characteristic 
of the members of the BMP family .i Gel elution experiments with the Con A bound bioactive 

35 fraction demonstrated that the activ^y resided between roughly 34 and 38 kDa (specific activity 
of the gel eluted fractions was 2143 U/mg). We have also demonstrated that size separation by 
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molecular sieve chromatography can be used to purify biological activity in the 30-60 kDa size 
range. In addition, loss of activity that was observed following reduction and alkylation suggested 
that the bioactivity was induced either by a known or a new members) of the BMP family. 

Given the demonstration that cartilage contained a BMP-like activity, we proceeded to 
5 isolate polynucleotides encoding the responsible proteins. Specifically, degenerate primers 
corresponding to conserved regions of known BMPs were designed. These primers were then 
employed to amplify polynucleotides using reverse transcribed mRNA from articular cartilage as 
a template. These procedures ultimately led to the identification of two novel cDNAs, which we 
called CDMP-1 and CDMP-2. 
10 Example 2 describes the methods used to amplify polynucleotides corresponding to 

mRNAs that were expressed in cartilage tissue and that exhibited at least weak sequence similarity 
to conserved regions of the BMP mRNAs. 

Example 2 

PCR Amplification of cDNAs Encoding Cartilage-Derived 

15 Morphoeenetic Proteins 

Total RNA from bovine articular chondrocytes (metatarsophalangeal joints) was extracted 
using a modified acid guanidine-phenol-chloroform method described by Chomczynski et al., in 
Anal. Biochem. 162:156 (1987) and by Luyten et al., in Exp. Cell. Res. 210:224 (1994). Poly(A)* 
RNA was isolated using magnetic beads (PolyATract™, Promega, Madison, WI). Four degenerate 

20 oligonucleotide primers corresponding to highly conversed motifs in the C -terminal region of the 
BMPs were used; SI: 5'-GGITGG(C/A)AIGA(C/T)TGGAT(A/C/TXA/G)TIGC(A/C/G/T)CC-3' 
(SEQ ID NO:l) corresponding to amino acids [GW(Q/N)DWI(I/V)APJ (SEQ ID NO:2); S2: 5'- 
GGITGG(A/TXG/CXI)GA(G/A)TGGATfT/C/A)ATI(A/T)G(A/C/G/T)CC-3 , (SEQ ID NO:3) 
corresponding to amino acids [GWSEWIISP] (SEQ ID NO:4); AS1: 5'- 

25 A(A/GXA/G)GT(C/T)TG(A/C/G/T)AC(A/G)AT(A/G)GC(A/G)TG(A/G)TT-3' (SEQ ID NO:5) 
corresponding to amino acids [NHAIVQTL] (SEQ ID NO:6); AS2:5'- 
CAI(C/G)C(A/G)CAI(G/C)(A/C/T)I(C/T)(C/G/T)IAClA(C/T)CAT-3' (SEQ ID NO:7) 
corresponding to amino acids [M(V/I)V(E/RXG/S/A)C(G/A)C] (SEQ ID NO:8). Nucleotides in 
parenthesis denote sites of degeneracy and I denotes inosine. First strand cDNA synthesis was 

30 performed using 1 u>g Poly(A)* or 5 ug total RNA with oligo dT, random hexanucleotide primers, 
or the antisense degenerate primers, AS1 and AS2. Successful PCR amplifications were performed 
with the degenerate sense primers, SI or S2 in combination with the AS1 antisense primer were 
performed using conditions described by Wharton et al., in Proc. Natl. Acad. Set. U.S.A. 88:9214 
(1991). iThe reaction products were electrophoresed on 1.2% agarose gels, and DNA fragments 

35 of appropriate sizes were excised and purified using the Magic PCR Prep DNA purification system 
(Promega, Madison, WI). Reamplification was performed with the same primers and each PCR 
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product was subcioned into the PCR II vector using the TA Cloning™ System (InVitrogen 
Corporation, San Diego, CA). Results of RT-PCR using poly(A)* RNA isolated from newborn 
bovine articular cartilage as template and sets of degenerate oligonucleotide primers (SI/AS1 and 
S1/AS2) yielded amplification products of 120 bp and 280 bp. 

Subcioned inserts were sequenced according to the dideoxy DNA sequencing method of 
Sanger et al., (Proa Nail. Acad. Sci. U.S.A. 74:5463 (1977)). Both DNA strands were sequenced 
using Sequenase Version 2.0 DNA polymerase according to manufacturer's instructions (USB, 
Cleveland, OH) with at least two-fold redundancy. Confirmatory data in ambiguous regions were 
obtained by automated thermal cycle sequencing with an Applied Biosystems Model 370A 
sequencer and by using 7-deaza-GTP (USB, Cleveland, OH). The sequencing data were obtained 
from restriction fragments subcioned into pBluescript (Stratagene, La Jolta, CA) using either M13 
forward and reverse primers or synthetic oligonucleotide primers. 

The results from a computer-assisted search of the nucleic acid sequence databases 
indicated the cloned inserts encoded BMP-2, -6, BMP-7 (OP-1), and several other BMP-like 
sequences. Identification of these latter gene fragments led us to isolate larger cDNAs that 
included the entire protein coding region of the transcript. The availability of such clones 
facilitated both a more precise analysis of the encoded BMP-like protein and permitted studies 
aimed at localizing the expression of these genes. Thus, cloned inserts having novel BMP-like 
sequences were isolated, radiolabeled and used to screen both human and bovine articular cartilage 
cDNA libraries. 

Example 3 describes the methods used to isolate human and bovine cDNAs that 
corresponded to a segment of one of the BMP-like gene segments that were amplified from 
cartilage mRNA templates. 

Example 3 

Library Screening 

A 120 bp PCR fragment encoding part of the C -terminal domain of novel BMP like genes 
(dashed line, Figure 1) was used to screen two cDNA libraries. One library, from adolescent 
human articular cartilage poly(A)* RNA (kindly provided by Dr. Bjorn Olsen, Harvard, Boston, 
MA), was primed with oligo dT and constructed in the Xgtl 1 vector. The other was a bovine oligo 
dT and random primed articular cartilage cDNA library constructed in the UNIZAP'XR vector 
(Stratagene, La Jolla, CA). Approximately 1 x 10 6 plaques from each library were screened by 
standard procedures. Hybridizations were performed for 20 hours at 42°C in 6 x SSC, 1 x 
Denhardt's solution, 0.01% tRNA, 0.05% sodium pyrophosphate and the membranes (DuPont 137 
mm nylon membranes, New England Nuclear, MA) were washed to final stringency of 6 x SSC, 
0.1% SDS at 55°C for 20 minutes. 
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Thus, cloned inserts having novel BMP-like sequences were isolated, radiolabeled and used 
to screen both human and bovine articular cartilage cDNA libraries. Six clones were isolated from 
the human cDNA library. The sizes of the EcoRJ inserts (2.1 kb) and their restriction maps were 
found to be identical for all six clones. One clone was used for nucleotide sequencing. An open 
reading frame encoding a BMP related protein, designated CDMP-1, was identified. It appeared 
that the human cDNA clone lacked the coding region for the first methionine and signal peptide. 
The 5' end of the human CDMP-1 was subsequently obtained from a human genomic clone 
isolated from a library constructed in the EMBL-3 vector (Clontech, Palo Alto, CA). The 5' end 
of human CDMP-1 contained a consensus translation initiation sequence disclosed by Kozak (J. 
Biol Chem. 266:19867 (1991)) immediately followed by aputative transmembrane signal sequence 
described by Von Heijne (Nucl. Acids Res. 14:4683 (1986)). The nucleotide sequence and the 
translation of the open reading frame of CDMP-1 are presented in Figure 1. As shown in the 
figure, the CDMP-1 protein was predicted to have 500 amino acids, to consist of a pro-region of 
376 amino acids, a typical cleavage site (Arg-Xaa-Xaa-Arg/Ala) (SEQ ID NO:9), and a C-terminal 
domain of 120 amino acids containing the seven highly conserved cysteines characteristic of the 
TGF-f3 gene family. A single N-linked glycosylate site is located in the pro-region (marked by 
an asterisk in the figure). A putative signal peptide is underlined in bold. A termination codon 
(TGA) is shown in the 5' untranslated region. The bold dashed underline indicates the fragment 
obtained by RT-PCR that was subsequently used to screen cDNA libraries. The 13 amino acid 
peptide used to raise polyclonal antibodies in rabbits is underlined. A vertical arrowhead marks 
the boundary between the sequence obtained from genomic DNA and cDNA. 

Two clones with inserts of 2.8 kb were isolated from a bovine articular cartilage cDNA 
library. Both clones were sequenced and the open reading frame was found to encode another 
novel TGF-3 related protein, designated CDMP-2. The CDMP-2 cDNA and predicted protein 
sequences are presented in Figure 2. As shown in the figure, the open reading frame contained 
a putative proteolytic processing site (boxed), preceding a 120 amino acid mature C-terminal 
region containing seven highly conserved cysteines. The 5' end with the first methionine and 
signal peptide were missing. The product obtained by. RT-PCR (bold dashed underline) was used 
to screen a bovine cDNA articular cartilage library. The Apal sites used to release a cDNA 
fragment for hybridization experiments are underlined. At the 5* end, the pro-region lacked the 
first methionine and signal peptide. The mature C-terminal domain of 120 amino acids showed 
82% identity with CDMP-1. 

Alignment of the carboxy terminal domains of CDMP-1 and -2 with other members of the 
BMP family revealed an amino acid identity of about 50% with BMP-5, BMP-6 and OP-1 (BMP- 
7). These results suggested that CDMP-1 and CDMP-2 are members of a new subfamily. 
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The amino acid sequence similarity between the human CDMP-1 and bovine CDMP-2 
proteins prompted us to further investigate conservation of the CDMPs across different species. 
In particular, we employed a PGR amplification protocol to isolate CDMP cDNA sequences from 
a variety of species. Based on alignments of the predicted proteins encoded by these cDNAs, we 
identified a highly conserved amino acid sequence spanning 31 residues. Only 5 amino acid 
positions within this sequence showed variability. All remaining positions were identical for all 
isolates. As disclosed in the following Example, even the 5 variable positions showed a high 
degree of conservation. This structural conservation likely represents a functional domain that is 
characteristic of the CDMP family of proteins. Those of ordinary skill in the art will appreciate 
that such extraordinary amino acid sequence conservation is indicative of a functional domain. We 
therefore believe the consensus amino acid sequence presented in the following Example is critical 
to the biological activity of the CDMPs. 

Example 4 describes the procedures used to identify an amino acid consensus sequence that 
characterizes the CDMPs from several different species. 

Example 4 

Identification of a Highly Conserved Consensus 
Sequence in CDMP Proteins 

RNA isolated from chicken sternal cartilage, bovine articular cartilage and human articular 
cartilage was employed as the template in RT-PCR protocols using the primers SI and AS 1 and 
procedures described under Example 2. Genomic DNA isolated from Xenopus and zebrafish was 
also used as the template for amplification of related gene sequences in a PCR protocol that 
employed the same primer sets. Amplified DNA fragments were subcloned according to standard 
procedures. The inserts from various isolates were sequenced by standard dideoxy chain 
termination protocols. Aligned segments of the predicted proteins encoded by the cloned cDNAs 
are presented in Figure 4. 

Results of the protein alignments clearly indicated that CDMP family members from 
several species shared a common amino acid sequence motif in the region of the proteins encoded 
by the amplified cDNA segments. Of the 3 1 amino acid positions presented in Figure 4, all but 
5 were occupied by identical amino acid residues for all of the isolates. The variable amino acids 
were located at positions 3, 7, 11, 16 and 18. Position 3 was occupied either by I, M or V. 
Position 7 was occupied by either D or E, both of which have acidic side groups. Position 1 1 was 
occupied by either Y, F or H. Position 16 was occupied by L or V, and position 18 was occupied 
by D or E. The consensus deduced from this alignment was: 

W-KI/MA^^A-P-MD/E^Y-E-A-CY/F/HJ-H-C-E-G-CL^^C-CD/E^F-P-L-R-S-H-L-E-P-T-N-H-A 
(SEQ ID NO: 15). This consensus sequence is slightly broader than the one shown in Figure 4. 
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as it encompasses all the variations observed in the sequenced polynucleotides. The consensus 
sequence in the figure indicates predominating amino acids. 

We believe that biologically active CDMPs will possess this highly conserved amino acid 
sequence motif. Proteins having different amino acids in the variable positions in the consensus 
will likely represent novel family members having distinct functions. We also believe that 
polynucleotide hybridization probes or PCR primers designed based on this conserved protein 
motif can be used to isolate cDNAs encoding CDMP family members or related proteins. 

Southern analyses were also carried out to investigate possible sequence conservation 
across species and to localize the CDMP-1 gene to a particular chromosome. 

Example 5 describes the Southern blotting protocols used to detect DNA sequences 
corresponding to the CDMP-1 cDNA. 

Example 5 

Genetic Mapping of CDMP-1 

Southern hybridization was performed using the evolutionary relatedness blot (Bios 
Laboratories, New Haven, CT) under conditions recommended by the manufacturer. The panel 
of EcoRI-digested genomic DNAs included human {homo sapiens), mouse (Mus musculus), 
chicken (Gallus domesticus), frog (Xenopus laevis), lobster {Homarus americanus), mussel {Mytilus 
edulis), fish {Tautoga onitis), fruit fly {Drosophila melanogaster), nematode (Caenorhabditis 
elegans), yeast {Saccharomyces cerevisiae) and bacteria (Exoli). The 2.1 kb CDMP-1 EcoRI 
fragment originally obtained from the cDNA library was used as a probe, and the blot was washed 
to a final stringency of 0.4 x SSC, 0.1% SDS, at 55°C. 

Results from these Southern analyses using the original 2.1 kb human CDMP- 1 cDNA 
probe (starting from amino acid position 40), showed 5.9 and 2.6 kb bands in humans and strong 
hybridization in both mouse and chicken. Fainter bands were seen in fish, frog and lobster after 
5 days autoradiographic exposure. No hybridization was detected to Drosophila DNA. 

The 2.1 kb Apal fragment of CDMP-1 was used as a hybridization probe on Southern blots 
to type mouse genomic DNAs from two genetic crosses: (NFS/N or C58/J x M. m. musculus) x 
M. m. musculus (see Joseph et al., Mol. Immunol. 30:733 (1990)) and (NFS/N x M. spretus) x M. 
spretus or C58/J (see Adamson et al., Virology 183:778 (1991)). DNAs from these crosses have 
been typed for over 650 markers including the Chr 2 markers Snap (synaptosomal associated 
protein 25), Psp (parotid secretory protein), Emvl5 (ecotropic murine leukemia virus 15), Src (sre 
oncogene), and Cd40 (cluster designation 40). Probes for these markers and restriction fragment 
length polymorphisms used to type these crosses have been described by Joseph et al., in Mol. 
Immunol. 30:733 (1990) and by Grimaldi et al., in J. Immunol. 149:3921 (1992). Src was typed 
using a mouse Src probe obtained from^E. Rassart (U. Quebec, Montreal) following Xbal digestion 
in the musculus cross and BamHI digestion in the spretus cross. 
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Results from Southern blotting with the 2.1 kb cDNA described above identified EcoRI 
fragments of 7. , and 2.0 kb in M. spretus and M. m. musculus and 6.8 and 3.2 kb in NFS/N and 

Inheritance of the polymorphic fragments in the progeny of the two crosses used for 
mappmg was compared with inheritance of over 650 markers previously mapped to al! 19 
autosomes and the X chromosome. The genc encoding CDMP-I was found to be linked to 
markers on Chr 2 just proximal to Src. The closest linkage was observed with Psp and EmvIS 
No recombination was observed between Cdmpl and Psp in the 100 mice typed for both markers 
inditing that these genes are within 3.0 cM at the 95% confidence level. Similarly, the absence 
of recombination between Gdf5 (Storm et al., Nature 368:639 (1994)) and Cdmpl in 125 mice 
suggested these genes colocalized within 2.4 cM. This map location suggested Cose proximity 
to the brachypodism locus (bp). A genetic map that presents the localization of CDMP-1 on 
chromosome 2 is shown in Figure 3. Recombination fractions are given to the right of each map 
of the digram for each adjacent locus pair or cluster. Numbers in parenthesis represent the 
percent recombination and standard error calculated as described by Green in Genetics and 
Probability in Animal Breedinp Experiment, Oxford University Press, New York (1981) The 
map on the left is an abbreviated version of the Chr 2 Committee Map disclosed by Siracusa et 
al., in Mammal Genome 4:S31 (1993), and shows the map location of bp relative to the other 
markers typed in the crosses used here. 

The brachypodism {bp mice) disorder is characterized by a distinct shortening of the limbs 
without other tissue abnormalities. The defect has previously been attributed to lack of production 
of a chondrogenic signal by mesenchymal cells at the time of chondrogenesis (Owens et al., Dev. 
Biol. 91:376 (1982)). During the course of our investigation, an independent study by Storm et 
al. {Nature 368:639 (1994)) described the isolation of the mouse CDMP-1 homoiog, called Gdf-5, 
and established its linkage to the bracypodism (bp) mutation. The types of mutations observed in 
bp mice were found to be effective null-mutations for the gene encoding Gdf-5/CDMP-l. The 
pattern of expression of CDMP-1 throughout the cartilaginous core observed during human 
embryonic long bone development, coupled with the ^.mutation in mice, indicated that its primary 
physiological role was most likely at the stage of early chondrogenesis and chondrocyte_ 
differentiation in the developing limb. 

The foregoing results indicated the CDMP-1 and CDMP-2 cDNAs were novel, exhibited 
moderate sequence conservation across species as judged by evolutionary hybridization studies and 
that the CDMP-1 gene localized to mouse chromosome 2. We proceeded to examine the pattern 
of CDMP expression at the mRNA level. 

Example k demonstrates the methods used to determine the pattern of CDMP mRNA 
expression. 
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Example 6 

CDMPs are Predomin antly Expressed in CaTtito p [ t» 
During Postnatal T.ife 

Equal amounts of poly(Ar RNA (2 ug) from bovine criocoid and articular cartilage were 
electrophoresed on 1.2% agarose-formaldehyde gels and then transferred to Nytran membranes 
(Schleicher and Schuell, Kenne, NH) according to standard laboratory procedures. Multiple Tissue 
Northern blots were obtained from Clontech (Palo Alto, CA). The membranes were prehybridized 
for 3 hours at 42°C in hybridization buffer (5 x SSPE, 5 x Denhardfs solution, 50% forrnamide, 
1% SDS and 100 ug/ml freshly denatured salmon sperm DNA). Hybridizations with [ 12 P]dCTP 
labeled probes, having specific activities of at least 1 x 10' CPM/ug, were performed overnight 
under the same conditions as the prehybridization. Probes included the cDNA probe for human 
glyceraldehyde-3-phosphate dehydrogenase (t.I kb, G3PDH (Clontech, Palo Alto, CA), an Apal 
fragment (bp 470 - 1 155) of CDMP-1, and an Apal fragment (bp 194 - 677) of CDMP-2. The 
CDMP-1 and CDMP-2 probes were chosen to avoid the highly conserved carboxy-terminal 
domain, thereby minimizing the potential for cross hybridization with other members of the gene 
family. Following hybridization, the filters were washed to a final stringency of 55°C, 0.4 x SSC, 
0.1% SDS. The mRNA expression levels were quantified using a Phosphorimager (Molecular 
Dynamics, Sunnyvale, CA). 

Results from Northern analyses of a number of postnatal tissues indicated that CDMP-1 
could predominantly be detected in newborn articular and cricoid cartilage. In both cases a single 
mRNA transcript of approximately 3 kb was observed. The CDMP-1 mRNA was not detected in 
pancreas, kidney, skeletal muscle, liver, lung, placenta, brain or heart. In contrast, BMP-3 and 
BMP-7 transcripts were detected in subsequent hybridizations of the same blots in mRNA samples 
from lung, kidney, brain and small intestine. This finding was consistent with previous results 
disclosed by Vukicevic et al., (J. Histochem. Cytochem. 42:869 (1994)). CDMP-2 mRNA was 
detected in postnatal bovine articular and cricoid cartilage as a 4.6 kb mRNA band. After 
prolonged exposure, weak hybridization signals were detected at 4.6 kb and 4.0 kb in mRNA from 
colon and small intestine, skeletal muscle and placenta. 

Two other procedures were used to localize and visualize expression of the CDMP-1 and 
CDMP-2 gene products. These approaches relied on detection of mRNA and protein in tissue 
sections prepared for analysis by microscopy. 

Example 7 describes the methods used to demonstrate the preferential expression of 
CDMPs during human embryogenesis. 
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Example 7 

CDMPs are Pref erentially Expressed in th P 
Cartilagino us Cores of Long Bone 
During Human Fm brvogenesis 

In Situ Hybridization 

Tissues from human embryos were obtained after pregnancy termination at from 5 to 14 
weeks of gestation. Embryo age was estimated in weeks (W) on the basis of crown-rump l ength 
(CRL) and pregnancy records of the conceptual age. They were fixed in 4% paraformaldehyde 
in 0.1 M phosphate buffer ( P H 7.2), embedded in paraffin, sectioned serially at 5-7 um, and 
mounted on silanated slides. The tissues used in the present study were obtained from legally 
sanctioned procedures performed at the University of Zagreb Medical School. The procedure for 
obtaining the human autopsy material was approved and controlled by the Internal Review Board 
of the Ethical Committee at the School of Medicine, University of Zagreb and Office of Human 
Subjects Research (OHSR) at the National Institutes of Health, Bethesda, MD. /„ situ 
hybridization was done as described by Vukicevic et al., (J. Histochem. Cytochem. 42:869 (1994)) 
and by Pelton et al. (Development 106:759 (1989)). Briefly, sections were incubated overnight at 
50"C in a humidified chamber in 50% foimamide, 10% dextran sulfate, 4 x SSC, 10 mM 
dithiothreitol, 1 x Denhardt's solution, 500 ug/ml of freshly denatured salmon sperm DNA and 
yeast tRNA with 0.2-0.4 ng/ml »S labeled riboprobe (1 x 10* CPM/ug). Apal fragments of 
CDMP-1 and of CDMP-2 (described above) from the pro region, subcloned in both sense and anti- 
sense direction into pBluescript II (SKT vector (Strategene, CA), were used as transcription 
templates. Riboprobes were then prepared using T7 RNA polymerase (Sure Site Kit, Novagen, 
Madison, WI) according to the manufacturer's instructions and used with and without prior alkaline 
hydrolysis. After hybridization, the sections were washed as described by Lyons et al., in 
Development 109:833 (1990), to a final stringency of 0.1 x SSC, 65°C for 2 x 15 minutes. After 
dehydration through a graded ethanol series containing 0.3 M ammonium acetate, slides were 
covered with NTB-2 emulsion (Kodak) and exposed between 1 and 3 weeks. After development, 
the slides were stained with 0.1% toluidine blue, dehydrated, cleared with xylene and mounted 
with Permount. 
Immunostaintng 

A polyclonal antibody to the peptide QGKRPSKNLKARC (SEQ ID NO. 10) (amino acids 
388-400; prepared by Peptide Technologies, Gaithersburg, MD), which belongs to the mature 
secreted protein of CDMP-1, was raised in rabbits. Before immunization, the peptide was 
conjugated to Imject" Malemide Activated Keyhole Limpet Hemocyanin (Pierce, Rockfor, IL). 
Searches performed using the BLAST (Altschul et al., J. Mol Biol. 215:403 (1990)) network 
service available through the National Center for Biotechnology Information indicated that the 



WO 96/14335 

PCT/US94/I2814 

-16- 

peptide does „o« show sequence identjty „,„, 

system (Aerobe LM; Janssen, B e,g ium) ^ ft J ««™ 

pnmary anfbody (erode mtiKnJm) _ ^ „ , » ™e 

nomul rabb " «™>. or seconds antibody alone. 
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P-anilage condense v,thi„ ^ developj „ g ^ A , „ ^ 
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-lage »y of chondro g e„.c activi^. .fancies sp eci fi c for th. recombinant proteins fai, 
.he exacts of cartiiage-forming activity, then re sidua. activi^ wi„ be doe u, factors 
«*- «. ««. ma, « sepant. from proKins encoded by the CDMP-1 md CDMP-2 P ro Kras 
A..ema„ve, y , if antibodies rai sed against the peptides or tenant prol eins can remove 
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cartilage-inducing activity from the extracts, this will confirm that CDMP-1 and/or CDMP-2 must 
be responsible for the active agents contained in the extracts. 

Example 8 describes the methods that will be used to raise antibodies against synthetic 
peptides and recombinant CDMP-1 and CDMP-2 proteins. Antibodies produced in this fashion 
will be tested for their ability to deplete extracts containing CDMP activity. 

Example 8 

Production and Use of Anti-CDMP Antibodies 
Specific monoclonal and polyclonal antibodies will be raised against peptides designed 
from the mature protein of the CDMPs. Preferentially, the region between the protein cleavage 
site and the first cysteine of the CDMP-1 and CDMP-2 proteins will be used to design the 
peptides. In addition, the cDNAs encoding the mature region of the CDMPs will be subcloned 
in the bacterial pET expression vector, and expressed as monomers in the bacterial expression 
system. The protein expressed in this system will be used to raise additional antibodies, and to 
determine the immunoreactivity of the various antisera in Western blots. The bacterially expressed 
monomers will be refolded into biologically active dimers using standard protocols. This approach 
may afford another source of recombinant protein. 

The antisera obtained in this fashion will be used to further establish the synthesis of the 
CDMPs by chondrocytes in vivo and in vitro, and to link the cloned CDMPs to the chondrogenic 
activity found in cartilage extracts. Conditioned media obtained from chondrocyte cultures and 
partially purified chondrogenic cartilage extracts after heparin sepharose affinity chromatography, 
molecular sieve chromatography and Con A chromatography, will be analyzed for the presence 
of CDMPs by Western blot analysis. Due to the possible heterogeneity of the highly purified 
chondrogenic cartilage extracts, the antibodies will be used to reduce or deplete the 
chondrogenic/osteogenic activity in purified fractions in a standard immunoprecipitation 
experiment. 

An important aspect of our invention regards the production and use of recombinant 
proteins that possess the biological activities of the CDMPs. The following Example describes 
methods and results that illustrate the production of recombinant CDMP-1 and CDMP-2 in 
transfected 293 cells, COS-1 cells, and CHO-1 cells. We discovered that 293 cells express BMP-7 
that could conceivably contaminate preparations of recombinant CDMPs. To avoid possible 
ambiguities in the interpretation of our results, recombinant CDMP-1 produced in COS-1 cells was 
used to demonstrate cartilage forming activity. Although the production of recombinant CDMPs 
in this fashion was rather inefficient, the key finding illustrated by our results was that recombinant 
protein had the desired cartilage-forming activity^ Unexpectedly, and in contrast to the related 
BMPs, recombinant CDMP-1 induced cartilage ^rmation without noticeable bone formation. 
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9 describe the procedures used M ^ cDMp 
Example 9 

Production of Rmmibinant rnMPo m d Aggpge f 

of Bioactivity 

™ CDMP -' - — — "*> the — expression vector pcDNA3 

«M. Corpomtio „, San Diego, CA, containing fc cytomegalic gme 

MEM Gtbco/BRL, O^bu*. ^ in fc presence Qf J% ^ ^ ^ ^ ^ 
Ue cits were grown to approximafcly 70-,0% confluency in ls0 mm dishes mJ ,„„ 

»e ^nsfecon MBS mamm-ian WecUon * (Stmfcgene, U Jolla , CA , ^ ^ J 

■ncubated w ith „ lcillra pho ^ ate . DNA mtore fc , _ ^ 35>c ^ 

removed and the piates were wasned 3 tin.es with PBS. , 5 m, of Opti-MEM , (serum reduced 
medram was added in the absence of serum, and *. dishes were incubated overnight 
Trensfec,™ efiicencies were tested by tmnsfcetion of a contro, phsrai d, pCMVp.ga, md cel , 
«ta» were ass^ed for a-gaiactosidas. activity. Conditioned media were coHecfcd a, 24 tar 
mtervais tbr a penod of 96 hou*. ». poo led was B ^ ^ 

men ™ Bd using Mascrosep ,0 concentrators (FiUron Technoiogy ,„c, Norfcborough, MA). 
Futrter punfic^™ of recombi™.,,, expressed profcin w* performed as described in pr«ed tag 
Examples. ,„ „„e exemphrv procedure. „ e conditioned media was adjusttd to 4 M urea. 25 mM 
Tns HC. « P H 7.0, and appHed to a hep*. SepW „„„,„ ^ ^ _ ^ 

7 * c r" tt " ,in8 0J M - — -» ' M NaCI. The hep*. Sepbarose unbound 
-I d«l tractions were assayed for bioiogica, sctivity as described by Luyen e, 4. i„ J. Blol 
Chem. 264:13377 (1989). 

Bioiogica. activity of the r.combinant.y expressed protein was investigated using ,„ vitro 
and.v/vochondrogenic/osteogenic assays. For the ,,viv 0 assay, fractions containing the CDMPs 
were precipitated with ethanol, or dried ontoa carrier such as bone matrix residue (mainly coHagen 
type 1 particles) a,d cartilage matrix residue (cartilage tissue after extraction with chaotropic 
agents, and powderized topartic.es with a size of 75-400 ^). The dried pel.et (about 25 mg) was 
Ranted subcutaneous.y i„ rats . Implants were harvested after , ] ^ 2I ^ ^ ^ 

chondrogenesis/osteogenesis using a.kaline phosphatase determinations. Historical anaiysis of 
recovered samp.es was ia .so performed using to.uidine blue, alcian blue and safranin O staining 
Results obta,n|d using the recombinant CDMP-1 produced in COS-1 cells revealed 
chondrogenic activity in this in v/vo assay. Significantly, no osteogenic activity was observed in 
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any of ft. recover samp.es. OsfcogeMc ^ „„„„ ^ ^ 

same procedu.es had 6=™ earned «* us ;„ 8 „con. binant BMPs. This difference h ig „, ight cd the 
unique properties of recombinant CDMP-I. 

» v/*, cho-drogenic expert be fatml „ daemiine fc 

* reSP °" !,Ve '° ' he CDMPS ' «*"««— 00T./2 cells, bone ma™ su^a, cells 
mesenchyna, s*™ «Hs, and ..ready cc™,^ stelMal ^ ^ 

^osteal cells. f«al epih^scl chondrobbs*. md chondnKytts, wil, be with fc 

cDNAs or treaed with reco-nbinanHy e.p.ssed CDMPs „ ev. lu a K ft. st age of diflercn.ia.ion 
associated with the chondrogenic activity of the CDMPs. 

f rn ^ ViV ° Ch0 " dro8eniC eXPCrimentS Wil1 *" direCted 10 eXpreSSi °" ° f quantities 

of CDMP-1 and CDMP-2 by stab,e transfectant, We ^ use rf ^ 

constructs in which the pro-region of one BMP family member (for example BMP-2) is 
operation^ linked to the regions encoding the mature CDMPs. We also anticipate in v,vo assays 
based on .mplantation in other sites, apart from subcutaneous implantation, which may revea. 
d.st.nct or superior biological activities of the CDMPs. For example, we anticipate implantation 
in the synovial cavity may have utility in such assays. 

The CDMPs disclosed in the present invention have important applications in the repair 
of camlage defects. We contemplate two genera. appnoaches for this type of therapy. In the first 
Place, the CDMPs are used as lineage-specific growth factors for the ex v/vo expansion of 
chondrocytes isolated from a donor who requires therapeutic intervention. Following expansion 
these cells can be reimplanted into a cartilage lesion in the donor, whereafter repair of cartilage 
w,H take place. I„ a different scenario, CDMPs are introduced into a cartilage lesion For 
example, a composition containing an appropriate CDMP or mixture of CDMPs can be implanted 
mto a le S1 on for the purpose of stimulating in v/vo chondrogenesis and repair of cartilage The 
CDMPs can be combined with any of a number of suitable carriers. An appropriate carrier can 
be selected from the group comprising fibrin glue, cartilage grafts, and collagens. An implantable 
mixture can be introduced into the site of a lesion according to methods familiar to those having 
ordinary skill in the art. In one application, we contemplate that periosteal synovia, membrane flap 
of tissue or inert material can be impregnated with CDMPs and implanted for cartilage repair. 

Example 10 illustrates one application of the CDMP preparations described above 
Specifically, the following Example describes the use of CDMPs to facilitate repair of cartilage 
in the knee joint. 
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chondrocytes by t^sfeCon or infec[ioo * 8 ™ *— PeriosKa, cells or 
» CDMPs. Such .„e„d cells « Z,Z n T *" ~« 

«-* - be accomplished by J^T " 7*** «"*• W * — *■ I- 

vectors. " ""'°° V, ' ! "' and adeno associated vinis 

- * pZ^JCrn " * — * — CDMPs 

Optional con.., of. deleT ' " ~ ~ ** — ' 

— . A combined ^TZZ^CZT ~ "* ~ 
"ample, CDMP-2 could beco„«„ uously * ^ *" ™ 

An inducible „ could be ^TZ^rT' , ''*'"'" ,,r 

accc-crated a, tne time of mo„ a Jssive desZT " " Ch °" d " "* - 

CM^Z ~' P r': "f - -MP- and 

C-armina, domain, CDMP I Id CDMpT"" h ^ " *" "'^ *"* ^ 

A.m„u 8 » CDMP-I md Jmp T™T r " — ° f ' — ' 

quences of their pro-reg,on S are significantly divergent. ^ 
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Several BMPs have now been implicated in ^ ^ deve|opment , 

* -4, -5 -7 and CDMP-1 (GDF-5). Omer manbm , sudl „ BMPs -3, -6, m d CDMP . 2 , may 
be involved ,„ ^ ^ of ^ fonnMion (13 15) ^ ^ ^ ^ » 

«- *— * „ indiraive . ^ ^ in , aBr ; 

skeleia, develop™.™ might be pn>motion of differe „, iatjon ma . nKnmce of ^ ^ 
phenoiyp, rae maiI „ bUity „ ^ ^ ^ ^ ^ ^ ^ 

as «he shon-ear mice (B^, fc miK (Cdmp , /0df5) ^ ^ 
co n ,nb„„„„s of «,. respective member, in ^, of me ^ of ^ 

Tne absence of expression of both CDMP-1 and CDMP-2 in the axial skelet0 „ has 
■mphcauons for models of ske.e,a, development. For example, fc a, „ ice have distllrbed 
development bat . „ ormal „„, ^ ^ fc ^ ^ ^ ^ ^ 

mechanisms md differentiation pathos „f me veBebra) ^ „ ^ ^ ^ 
penmen, elements. Funher, *„ tadh«. me ^ f orm of me ^ 

likely to be delermined by a number of BMP-like signaling molecules. 
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WE CLAFM- 

1. A purified cartilage extract that sti.nulates local cartilage fonnation when combined 
w,th a matnx and implanted into a mammal, said extract being produced by a method comprising: 

(a) obtaining cartilage tissue; 

(b) homogenizing said cartilage tissue in the presence of chaotropic agents 
under conditions that permit separation of proteins from proteoglycans; 

(c) separating said proteins from said proteoglycans; and ' 

(d) obtaining said proteins. 

2. The ex™ of CUta ,, ^ said ^ ■„ obaiaci „ y , ^ .„ which 
(c> compnses use of a sepharose column. 

3 Tne extract of Claim 1, wherein said extract is obtained by a method which 
*d.t,ona„y comprises the steps of separating said proteins on a molecular sieve and obtaining 
those proteins having a molecular weight between 30 kDa and 60 kDa. 

4- The extract of Claim 1, wherein said extract is an extract of articular cartilage 

5. The extract of Claim 1, wherein said extract is an extract of epiphysea. cartilage 

6. A method of preparing a partially purified articular cartilage extract having 
chondrogenic activity, comprising the steps: 

(a) obtaining cartilage tissue; 

(b) homogenizing said cartilage tissue in the presence of chaotropic agents 
under conditions that permit separation of proteins from proteoglycans; 

(c) separating said proteins from said proteoglycans; and 

(d) obtaining said proteins. 

7. The method of Claim 6, wherein step (c) comprises use of a sepharose column 

8. The method of Claim 7, wherein step (c) comprises isolating the proteins that bind 
hepann Sepharose in the presence of 0.15 M NaCI but not in the presence of 1 M NaCI 

9. The method of Claim 6, additionally comprising the steps of separating said 
protems on a modular sieve and obtaining those proteins having a mo.ecu.ar weight between 
30 kDa and 60 kDa. 

10. An isolated DNA molecule encodings protein having chondrogenic activity in vivo 
but substantial no osteogenic activity in vivo , said moIecuIe having . ^ 
can hybridize to a polynucleotide having a nucleotide sequence selected from the group consisting 
of SEQ ID NO: 1 1 and SEQ ID NO: 12 at 55°C with 0.4, SSC and 0. 1% SDS. 

11. The iso.ated DNA molecule of Claim .0, wherein said molecule has a nucleotide 
sequence selected from the group consisting of SEq ID NO:13 and SEQ ID NO:14. 
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— PPy,n6 * *- 

b) mixing said partially purified proteins with a matrix to DmHu/v 
- States adminisr^n of ^ ^ ^ ^ ^ - • P— 

■0 cattle ^1 a, LT^T " " " ^ " ^ " — " ~ 
14. Tne method of Claim , 3 ^ ^ cartilage-derived 
■"orphogenenc proteins are obuined ta „ icnhr ^ „ ^ - *— 

materia, mah0d " C """ * »"* ° f - « » ceHnlar 

activity said without substantially 

sa,d compose contprising at leas, one canii^erived morphogeny prottin 1 . 

is deriveLm !' TT ° f *"* ^ "■^genetic protein 

aer,ved from an extract of cartilage tissue. 

ttroun ^ • n r m ^ i '" nOfChta20 '" h - i »-''-«^fe U e 

group consmmg of micalilr ^ 

23^ The composition of Cain, 20, wherein s»d cartilage-derived morphogeny protein 
«s a recombinant protein. proiem 

seiectedL th^ COmP ° Siti0n ^ * h * « ™ 

selected from the group cons.sfng of SEQ ID NO:13 and SEQ ID NO I4 

i 
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25. 



25. The composition of Claim ?n ™h*~ 

— o f fiM „ ^ ^ ried 211' 5 m * ,rix is *- *■ 

mpnsmg tetmcalcin, phosphate and hydroxyapatite. 
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